JjVl 



jjJbJI r^pJI QjJIgJ 

Laws of circular motion 


o jS yyi LoJJsP AjI CU«-U; j-o (1 ) jjISJ 

djwb>o I AjU A^Jgllo ipj^vO il ^^I p 

O^lll oL>cjl IP AP dol>eJl I wL<jJL*j^ ^4XP 

^^ip <sjjsj tis' ^>ji oUxj^y 4^vjjij o 



4P j^Jl jl jJb ( Ju2j 
jJCj Vj 


jIjlIo 

*)ij 


i. . I ^ wL> ^ O ) JSwJl ^3 (T) JjLjuJI JjJj LoXjo 

UwUp Ul cI^ip iS" oUxJl ^ o ji ajjUI i>-ljjJl 

Jl 23 5£ ^>Jl ol>ol ^y^S' ^ 0 jSi o j-l!l jU Jl«I j^Jl ^Ip 1? * ^ 


waJ L*J (r ^ ) ^jLvW^>V^<jl L^w\»^P^ 

^ iS" j>Jl oUxjl jJCo ^bJLj ciS" ^>Jl ol>ol ^1p 4jO j^P 0 ji 

• <£ y\* jL~« 



4jj>sjs>> C->ljLvwO y 45" j>sJl ! ( \ ) ( J5w 
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j/vt > - ^bj-4^1 









JjVl 
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ife 


2 U>>I dll as >>J 1 jrul ^ 
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^\ ob jJaJl ilwlu lLLwoIj tJa-j>- <*J ^Jaj 
fi dlb *tdl t(5 j$ta jLwo ^ j^>Jl 
il ^>cJ Ja~>Jl bU 4 j^j>J| jljj .5 ip j-w^ 

? j^>c>Jl JJIIao oUnjI (5 1 ^ iAjy^J j^>t>Jl 


(S> JXj^\dL>)g^ :<bl 

oUxjI AlS' oUxjI ^lp A.O j^>P (/O e ji aJp ^jJj jl Jj^ ( 5 j$b jL*os ^ (^\ ^y>Cj ^^SvJ 

.Aj jjIdJl ib j^>cJl ^3 j! ^Jp dXbj 40 ^j!w\JI j5 * j>s 

(.Cj^^y I aSCJl^j jib (^JiJl (5 jjl Jill jLwJl! ^>U~<Jl oUxjL J^llgo cJ j-w*> jU o jJLSI oJla Co Ip b|_ 

.(v) iwwoU-<JI ip^JL iPj^Jl oJlA ^y^J J Ja>- ) oUjMl j jljuidl ^ £j U 4Pj~o diJi j 
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Ajjjl jJl < 5 " ^>Ji ^3 4 Pjdj o jjiJl eUxjl ! ( Y ) JSC 


CoL^cj^l o jldJLjJl ^ Aolo APj^o (5 j^b jbvwA jt-vvJ>- iS* y>- I A^JaCoJl Aj^jIdJl AS* j^tJt 

. Ajjb j^Jl AjSI>JI o jJLSIj oUtj! ^ I Jjfc ^^ip o o jJLll ^y^JJj 

cJ ^>e3 aS y>- ^1p (5*^ °b^ (_^ jl ^<C- a>1j yjy ^xJl o j^Jl dJJj !4 j^S* j^JI AjSUJI o jaJI 

.(5 ^5b jb*os ojL^vos 



^y* p-LJl ISLJ ! ( O JSC 
? jJjJl ji 


4 AJIS' APj-wvJ A^Ij 0 ^jb ^ A^y^j ^LjL Ai^aTo) ^ll jJ^ ^ gjg 

? jJjJl iA ji jyj ^Ljl ^>bj Jla 

ibUdl 0 ji Jl jb jJjJl AA ji ^0 p-UJl ^JlP 2jS 

^jbJL^ ib jj>Jl obxjl ^J IP Aj^^oP' 0 A-Jp 0 ^j^<iJl Ajj^ 

^y> oLjl jjwU 3 Laj! J» ioJ 0 J} AP j-wJl obxjl ^Jp 

.jJjJl J^"b (5 


t < ti u ft ljLLS 



Jill 


ljU\ 






yjiJl y* Iwb J j>- Ip yj 4 j^S* j^JI 4jiL>tJl o jJl)l ^ 

jL^> 5 ^Jp L>^ y^P yyJ o yS (_£V ^Jax^aJl jt-wuNl aJpLvv^j 
O y^^J w\j13 C y 1 £ yLwwO ^ ^3 «l3^^c-o 4»Lx^cjy w^xJ I 4^ 
^oUxj 0 ji yl twLi 0 yi 4jjS* yJl 4jil>Jl 0 yjiJl 

: ^5 ji Jl oJl& ill* I ^ LJ j .^Jl ...<, 


?Ajljji f-bol A^plji y JuS> SjJL jJl j-*-*Xj 1SLJ ; ( o ) JlSw 


Ij^xX^L 


■Up j (F ) il^ Jl £j>d ^ ~ S 


O y^j bw^Py C J«Ju o y3 4*s3 iJLb di-L^o yl ^Ju>- 

^ ^ ^ *" "* v 4S y>~ oUxJl ^1 p j-oP oUxjI ^3 o y2Jl o Jjfc 

^ ^3 __i ^y*c**j 4jl3 t 4_u Lj 4P j<mJ — i y>x~o ^wc**^* 
OytfJ I L^wwtfJ <-b*wJ I Oy3 L^£y\$ yLwwO 

4jSL>JI 

4jJ5" j>j 4jSI>- o jjiS" JaPcJl y JJtJl o ji Jl^xj • (*0 

*£ y>- oUJl ^^Ip io y*p ^oUj o ji y^lll j ^jVl yj L^jJ *(F g )<^L*JI oiia&lLJt SjS T- ^ 

.^^a^xJI J y>- y^l.3 ^3 y^yVl ii y>t£> IJJ ty^yVl 


f 4jSI^gJI o y}\ J 

/ hj ^ / 




AjjS" 4 jSU>- SjJiS' ^Ljl e_ &y • (V) 

jJaJl yy liLSc^l o yi L^jo jl jj ta jLwo ^3 o jL^ c.ilg^o LowUp : (F f ) Vi 4jjd Y~ ^ 

i] y>*Ju ^IxJLj o yljJl yS' j^o oUxJl ^3j 0 jLwJl 4^ '^p*- oL>xjI 4j^ y^P o y-^J 1 oJ-A 0 y^jy toyLwwvJl dJ IjUslj 

. f I jlwJl ^ ^ o^Ls^^il 


t 




///// / /y / // // / 

(W) jJjJI 


4j^5* 4jSL>- o ^ aS” l]L5vX>-'yi o y ^J l ^ , - ,,j • (A) 


jyvi > rt.^ri - ^.bj-jiiii 


Types of Centripetal Forces 


jji - \ 







JjVl 
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dll as >>JI jrul ^3 


jL^iJl jlS' li| i)L>- to jLJl ^1 p Lo ^ j o ji *(F n ) J*4N A> t-> 

^1p wIpL^J o j$IjJI jS' j>3 oUjL o j-2J aJisI 4^5* j>3 ^jcJ ^^Ip o jLJlJ (^ 5 j^IjJI 

. o ;L^Jl 5 3^ 


o jij aJisVI JjuaJl ^ j o ji ZS ja <03^ j^Jl iol>Jl o jJL)l j jSo ilUJl OwLft 




. jljjjJl 3^ j-* oUxjL 


oUxj^/I ^ iilScp-Ml j Ji*jt!l Oj y l £\y* s ?*- a L _^ t j^Jl 4 joI>JI S jjiJl ! (*\) JiSw> 

0 ^jlisJ I LsJJsP^ co ^ jLIzJ I ^-***>- ^1p Lo S^UsJl 5 ji ^3; j(F l ) SjS 0 ~ \ 
.a jjlkJl ^Js- a J>y]\ AjJ$ j^Jl 0 jiJl ^ j j£ci 0 jjljJl y y> eUjl ^ Ji\ a jiJ iJis I IS y> 



Centripetal Acceleration 


2UJS j*Jl 2lb6jJl-r 



AxixS" 45* ol>sjl ^1 p ^a*P (F') 0 j£ jjJjj ^ 0w ^*^' 

oJj>oj c(r) 0 jlzs <. jUjo'* ^ jjb jLwo ^ 4 jU (v) 4Xp j-woj (m) 
4jj>t*Jlj ^ow^vJ (a) a1>cp j j5vJ ^bJbj cip j^Jl oUxjI ^ 

. 4jj£* 4 jSL>sJ| 0 jjiJl oL>sJl l^L>ol Oj3sjj 4j3^ 

($) 4Jl>oJlj c(.F) 0 jJiJlj c(v) ip j^Jl ^ *>15* jl JiSwJl ^jA i 

.jl Lj oL>oN 1 0 L^SsJj jlJij! iulj 0 j-Svj 


4-4-JLLaJl ljLLS 
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. »Uy- 1 ^ ^ ^iloil aS>JI ^ lg. r ^ ^Jl ajb^l ^ : (a) aJi^JI j 



a 1 1 ya ) j >xj JCS' 4jI ( \ T ) ^Ji^vvJl ya 

coUxjMI y (v) AP^Jl jl (5) ikfcjl J! (A) 
ip j-wJl ^y j-JcJl jU ciUJuj ^bolj Ijfcjlwlioo J aa«>cj y^Jj 

. J QJ& ip j^Jl ol>«Jl y ycJl yp ^Csj (Zlv) 

: iU j£ j*+3 1 4^id ljLua^ 

y y~Jl oUyJl dJlio (CAB) <iiid! ajLU y 

:iJ^I ii%Jl ills' ySU* 0 Y) JSAi 

( 1 ) 

o jjlwlll ^S' y ol>ol ^y A V <y*>- 

( 2 ) 

r 

> (cl) jS j^Jl oUxjI y 4 JU 0 JI jU (A t) 4yJ 0 yi y (5) (A) AaiJl y JJ&I 

:(A t) JLp (2) ibUJl 
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A * 


• lSjAa ijS' yJl iUc^Jl jU (v) yjl^o 


_A?_ 
A * 




.*. a = 


(3) 


:(F) 4-jjJSj^Jl Sj^ll 

! jl (F = m a) 43%JI y 0 yJI y lAl y y j y li y 

ijjyjl iUoJl x ihsill = iUkuJl iyljJl iS' yAl *LSt i/yJl 5 yJl 

! jl wL>cj (3) iS^taJl y ijS* yJl 4l^c*Jl <uy yp yajycJLj 


.'. F = MX 


(4) 


: ( v) 4»uaL^Jt 4^ yuAl 4^c2 

yajJl iJ-ft ^1 p cJ^Wj (r) ojJi yj y yljJl jL^woJl ^y A^IS ojj3 l)I ysl ISj 

^lAl j ( 2jtr ) 2 ylwiil Jau>c^3 4 ^Lcvw4 1 ? >0 

i^lAl j->tjJl (oljj'Al ip j-oj) y^LiwAl ip ^Jl y5ioo 

43 LvwA I 2 JT/^ 


v 


O-J) 1 r . . 

.(r) ^ia3 c (T) y’J^^ y ( J^ i a jJ^oj (v) 4^*<Lo-AI ip j ^. Jl ySi>j 4 jI AiJ^ 


JjVi > - ^bj- 4^1 


dll as jrul 


JjVl 


2LuIj 3I ^4 Ijlat 4 


(21 /) isLwo ^JaL) (5) Aia&Jl Jl (A) AJa&Jl (r) U ^JaS <J^ 2 j o iyb ^ (v) A~oU^> AP^~o il ISI 

A 0 

.(to) a>^IjJI ap ^. vwJ L j . ? ( ) jljJtdl d)(® (^ ^) ojji ily 3 -) (^ ^)) L&jUi 

zl? 


CO = 


zl 6 

At 
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• J L -J I l? ^ *■ ^ 'i^ 1 ; ^ ; An^wJ I I ^ ^LwJ j ^ ^yj I ^J ' A) J 1^1 1 A > ... ^ I 

Af ♦ t f 
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At r r 

:. v = 0) r 
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2 m 


.\ 0) r = 


2 m 


:. a) = 


2 jt 


!<A (-/) aJ^Ia^JI ^3 (A 0 s ) Az>wJ 


jlgtfll L X AjjljJl AP j^«Jl — A^oL>^>Jl AP j^vJl . . 


:2uJ5j^Jl 2Lu it^JN 3j21l ljL 3I 

Jl?oj (^-LaII Aj j^jI ! Jujj) A»bCslwo*)\j jl Aowl^o Aj j^jI <J*)b>- Jab-Jl j jjs Ja^ ^3 (/??) L^lbS" AJallaa o^lwL-o Jajjl 

XM)4±SJJ&s^S\^j2J\j*jl dUi 

^jLu (^JJlj ( F t )]sA>2\ J<2> Z J& ^ L^Jo AjjS* A jSUJI o jJlll jU J>\$ jLav« ^ JallaoJl A*Ja3 A y>zj UwUp 

2 F = F t = Mg : jl . jl**Jl Jiill ojj 

V _ W * 

/^ — Mg — /7? ^ ! A3^A-*-^ b>c_s<a LUp OJl c_ 3UL| ApLxJ AjLLwJI aIwI^U^Ij c|o 




IXZ 


4j ol jy\ 


t < ti u ft ljLLS 
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ljU\ 
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(0.93 m) 6 Jsi (j ^SbjLva^o^lJLJlo^l jl( 13 g)^\)^\fo\J^\^ 

.iijjj ^>5? I cJ jiaJl ^ ji^jl JJ&)I ill? t (59 s) Ojwb ^ (ojj^ 50) 

* 

!(^£jjw\ Jl ( jA<sjJl <w->LwvJ»- 


J&JI cV 5 11 59 

r= ^ ^ = — = 7J8s 

ol jjaJl xip 50 

2m 2 x 3.14 x 0.93 


v = 


1.18 


= 4.9 m/s 


v 2 (4.9) 

F -m = 0.013 x - — — = 0.34 N 

r 0.93 


F 0 34 

M = =— =0.035 kg 

g 9.8 


. ap ^**2 1 


. wLw<j I C^9 C- J Laa*>" 


: Jj&Jl ill? uL> 


*UibeJl 3 j. N l ^jic % ra^u 

C Aj w\j teX^cj ! J15LJI J {5 ^ 1 ' *- b-*-^ r ^ iiA^ii.*,^!.) wIaP l Aj^L^T 0 I l -4 -*.-^.^^ ( F ^ 3 ^ ^ 

(4) ii*)i*Jl is^lj^ i)l Jj^ ^x>tX<)Jl jLw^Jl 15-A ^ ol jLkill j oljL^Jl li y>zij 

!4*Jlxjl ^lp ^—A3 AjjS” ioUJl 0 ^-i) I lM (J u ^ ? I 


0 ji!li i( r 1 v oLj wUp) aIxSsJI Lo jl? i> jj? j^Jl ibl>sJl s j-2Jl c_^^txo (m) ^.u^.ti ajLiS — ) 

^-a >3 ^_wj 2 j !wX&^ C^Lvm^«J| ^ Loj __) 4 j 3 j^i] I o^jl] I ^ ^ ^a^c.a /0 ^LwwO ^ 4^-1 ^^c**aJ 

.0 jJa^eJl OLsX>cJv^Jl ^ip JJjJl JJlJl ol jL- i? J^>- 


uL&l (*Li JkLu 


OtH 


jJj>tJwa <UJ ^jA ojLa-u 



oL^-LiJlj o'j jjggxjl jj jaj ^ ! (NT*) JkSwi 

^ciiiS ja~vj£? la to jJaj>eJl oIj>e 1<J| ^j^-i 


JjVi > - ^bj-4^1 



JjVl 


dll jrul ^ 


ip ® j-i]l cLww>- (v) ^uumL — f 

jS\ ajjS” j* ajSI>- o jjsJ cu^b^-l HjLJl ip j-wu c-ol j L>-ISv 3 <.( r <. m olo jjp) 

aS' ap^A^> ^ ^ ^ ^ c ^ I ^b»w^«Jl ^ ^ Lp a^^^cAJ 

. L^tJ ^ b^^E^w<)sJ I wLP 




9/ 




^Jl-ygdll AP j^vJl ! ( ^ 0 ^JSwi 

( 80 km/h ) c? x> t uJ( lJu 



u 


A> jS I O^JD I J I -\JLa ^lp ^J*>C** j ^d ii j>*?J ^_^vJ>- AP Ij ! OO) 


t( v i m djLo w U p) jl^v^Jl jJas ^5 Lw^v^p i^jS" ^^oJl o ^ jjJI <!***>- (r ) ^ a (<*\ i 

lijfc 0jjlz>- ^JULj cA^i jjjJ j*Sl i>^ y> o jJl) o jLvJl CU^-b^l ^ia3 l AyS.) Ji UJSa3 

. 0 jii>j I l -3 b-^^r 1 1 ^ ^ jp 0 AP I ^ ^ vJ ^ C^^S^C»V^*J| 



j j ^k£)l c^vaj ^ JiVl ( 40km/h ) <_$ j^ijl ap^JI j liUJ : ( ^ *\) J5CJi 

? ^ ^sVl Jlp ( 60 km/h ) 


jlaS ^ rtfrVl Sj^t j-pl3 U 

jl ^1 (.(Fa — J oV JJtSS J ^kiJl (1)1 ^^130 IJla jU ijjS' ^Jl o ijiJl Ujcp 

.^yljJl jj^ill Ja>- Jb iJ AjjS* ^<J| o jiJl CU>fcw^l lijj to J\j]\ \£y 


0^ ( - 5^ c ^ w ° ^)^- vww4 jl bv? !^b 

jLwJl ^ ojLwJl o jtaN aJ 15 j j5i ^ ji 

0^ O^LwwvbJ Nj Jj ^LJ l ^1 p oljlUNl j ojLvJl 



OAa^JI blli*i (jiia^j ISLoJ ! ( W) 

^J!jLp A»o-oJ 2 vw« lIjIaL^jL A>*_ft 

j>^~ (J Lo-*^ I wUp 4^*< L^«a 


ti u ft ljLLS 




Jill 


dJQJl ljU \ 



<LslS" jS* Ajj S 4jSL>*JI E jjjJl dlS" jL^Ji ^jl>- SjL^Jl ^ A) J^SCi 

f \ 

: jJl & jL>* Ah £j< 

J^jl 4> jJj >- ^3 JJ JU-j l^Jdo ^ j^->Jl L ^’ ^ j^cdJ dJJSj db la3L>c^ ^3 jj ^<J| ojbJ ojIjJj ^-3 

.l$lo Ajli jJl dLS* j 3 jLJl dol y>- ^Jfcl cJ J*j dUAS* j 


2U3L^ ljIS i JaJ 



e_d>tdi oijj^ jap i O *0 
ob>cjlj *ldl oboj^- JjJJaAj o jd" 4P 

jijjjJl o jjb Jax^xd 


L«w\lP ^ ^jldJl ^Lww^Jl ^jP IwLoO ^Lw^-Vl 0 jjfelh ^ ^UlwvJ ^ 

(j J\ji\ jLwJl ^J> IS j>JA bits' ^p bjS' ^Jl bSUJl o jlll 0 ^Sh 

C j j-vJ % >kJl C-4^A>C J l^lo ^l)l J boL>Jl oULJalll ^y 5 JuJuJl ^3 
L-&J&TJ ^ Ojl jjJl Jtwfll jJl 4^*Jj tobjl JjP 

*LJl ob>y>- oi <Jb<Jl Jiw^ ^1 p (j“^*A<Jl 

yS' o jji!l oAfc 0 jSo o^dS AS' J^j coli>c*Jl jljj^ Xpj <.4d*^o o jJL 

^LmJI oUxjL (jl! ao ^Jtllljj clfcjlda ^3 otlydl e-UL^I bits' 

yp Jlv^o J OljjjJl o yb Ja^^d 


J^bfc4 JL^U 


^AJl U j tbjS' yjl bSUdl o jbll (3 Wl/s) bp j-vwJ jjdjj (10 cm) aJ ji? Ja*>- ^ J->y> (600 g) Albs' J>^>- 

S (50 N) Jid o ji ^-ygil edLS” IS| aj jd^- 

! aj j5* j^Jl iiUJl o j-HJl 


F = m = 0.6 x 

r 


(3) 


0.1 


= 54 N 


Ja>- ^3 liy>CJj ^]a.a«yM AjU IJJ Lg_Uj>to Jld o jS ^S'l Aj^S" AjSUxJI a j^Jl j| d^o>-j 

. ^LLujl a!l>J aSCLvj jl5 ^Dl ^ jSIjlJI jLwJG ^>Uw<JI oUxjL ^-Jb^o 5 


JjVl - pbJ-4^1 



